Introduction
Bacteria, fungi or yeasts that have favourable effects on hosts are called probiotics, which can be classified into colonizing species (Lactobacillus spp., Enterococcus spp. and Streptococcus spp.) and free, non-colonizing species (Bacillus and Saccharomyces cerevisiae).
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cytokines production by different cell populations (Vizoso Pinto et al., 2009) or enhancing immunoglobulin A (IgA) production (Galdeano and Perdigón, 2006) . One of the principal mechanisms of probiotics protection against gastroenteric infections is via modulation of pro-and anti-inflammatory cytokines synthesis, but the pathways and cells involved in this mechanism have not been identified yet (Mileti et al., 2009) . In fact, not all microorganisms have the same effect on the host, so that probiotic properties are strain and host-specific. In this regard, it is not possible to extrapolate the effects found with one probiotic strain from another.
Little research has been conducted to evaluate the effect of probiotics on the immune system of ruminants. Results obtained on Jersey dairy cow showed that Bovamine (a probiotic formulation that contains Lactobacillus acidophilus strain NP51 -a lactic acid producer, and Probionibacterium freudenreichii -a lactic acid utilizer) administration seemed to be accompanied with the modification of the immune response. Supplementing Bovamine to dairy cattle significantly increased expression of CD25 + T cells and CD4 + T cells in polymorphonuclear (PMN) cells under concanavalin A stimulation (Osman, 2012) . Additionally, stimulation of PMN cells with probiotic mixture in vitro increased expression of CD4
+

, CD25
+ and CD69 + cells (Hua et al., 2010) . Moreover, Bovamine triggered expansion of CD335 + natural killer (NK) cells in peripheral blood of dairy cattle.
As it is stated in other available data, the effect of probiotics on animals' immunity is controversial. Some probiotics stimulated the immune system (de Moreno de LeBlanc et al., 2010) and other had anti-allergic or anti-inflammatory effects (Mileti et al., 2009 ). However, till now, no reports of the effects of probiotics on the immune system in rams have been documented. So the objective of the present work was established to broaden the knowledge about the probiotics influence on the immune modulation in sheep by assessing the impact of probiotic mixture on the leukocytes count profiles, interleukins 10 (IL-10) and 12 (IL-12) serum concentration, lymphocyte transformation and DNA integrity.
Material and methods
Animals and treatment
The study was carried out on 12 Baladi rams weighting 30-35 kg in a private farm in Ismailia province (Egypt). The animals were examined and found free from internal and external parasites. The health condition of the rams was carefully checked by veterinarian throughout the whole experimental period. The rams did not show any signs of disease or inflammatory condition during the experimental period. The treated rams (n = 6) were given a commercial probiotic mixture of Sacharomyces cerevisiae, Lactobacillus acidophilus, Lactobacillus plantarum and Enterococcus faecalis at 10 5 , 10 6 , 10 4 and 10 5 colony-forming unit (CFU)·g -1 , respectively (BIM-4000, Grotec USA, Inc. Carpinteria, CA, USA) in a dose of 10 g/head/day dissolved in 100 ml of water that was given at once. Treatment continued for one month. All animals were allowed free access to water and feed (%: Egyptian clover 25, wheat straw 35, yellow maize 15, wheat bran 15, broken horse beans 9, common salt 0.5, vitamins and minerals premix 0.5). This diet was formulated to fulfil nutritional requirements of growing sheep. The animals were kept under the same environmental conditions.
Blood samples
Three blood samples were collected from each control and treated ram after the end of experimental period. The first sample was collected into EDTA containing tubes for leukocyte count. The second sample was collected into a plain tube for serum separation and interleukins concentration assay. The third sample was collected into lithium heparinized tubes for lymphocyte transformation test (LTT) and comet assay.
Total and differential leukocyte count
Blood samples collected into EDTA containing tubes were immediately put on ice. Total leukocyte count (TLC) and the percentage for each type of white cells were calculated according to Feldman et al. (2000) .
Interleukin assay
Blood samples were collected into plain tubes. After that sera were separated by centrifugation at 3000 rpm for 15 min. The obtained sera were stored at -20 °C. Serum IL-10 and IL-12 concentration were measured according to manufacturers' instructions using commercial ELISA kits for IL-10 (Cat. No. 106454-2, Genorise Scientific Inc. Glen Mills, PA, USA) and IL-12 (Cat. No. E-EL-S0036, Elabscience Biotechnology Co., Wuhan, China), respectively.
Lymphocyte transformation test
Blood samples collected into lithium heparinized tubes were immediately put in bags with ice and transferred to the laboratory for LTT. The separated buffy coat was washed with RPMI-1640 medium (Cat. No. R8758, Sigma-Aldrich; St. Louis, MO, USA) and the sediment of washed lymphocytes was re-suspended in 1 ml of RPMI-1640 medium containing 10% of foetal calf serum (Cat. No. F2442, Sigma-Aldrich; St. Louis, MO, USA). LTT was carried out by using methyl thiazolyl tetrazolium (MTT) reduction procedure toghether with a colorimetric method based on absorbance data (optical density) measured at 490 nm (Gao et al., 2008) .
Single cell gel electrophoresis (comet assay)
The comet assay was used to study and to compare with the effect of the probiotic mixture on DNA damage. The procedure began by incubating lymphocytes for 2 h. Negative controls were set up by incubating lymphocytes with the solvent dimethyl sulphoxide (DMSO) at a final concentration of 1%. Ten microlitres of treated lymphocytes were mixed with 120 μl of 0.5% low-melting agarose and layered on the surface of glass slides previously coated with 140 μl of 1% normal-melting agarose. After the application of cover slips, the slides were allowed to gel at 4 °C for 20 min. After a careful removal of the cover slips, a second layer of 0.5% low-melting agarose was pipetted onto the slides and allowed to form gel for a further 20 min also at 4°C. Slides without cover slips were immersed in a cold lysing solution overnight at 4°C. Before electrophoresis, the slides were equilibrated in alkaline electrophoresis solution (1 mM disodium salt of ethylene diamine tetra acetic acid and 300 mM sodium hydroxide, pH >13) for 20 min. Electrophoresis was carried out in the same buffer for 25 min at 25 V and 300 mA. Then slides were washed gently 2-3 times, 5 min each with 0.4 M Tris buffer at pH 7.5 (neutral buffer). After final wash, the neutral buffer was drained, and slides were washed with water. Air-dried slides were then stained using silver nitrate solution (0.2 mg·ml -1 ) after appropriate fixation (Kizilian et al., 1999) . The whole procedure was carried out in a dim light to minimize artefacts of DNA damage. Analysis was performed at a 100× magnification by using a light microscope (Nikon, China) after coding the slides. At least 100 cells were screened per slide.
Statistical analysis
The data was expressed as mean ± standard error (SE). The results obtained for control and treated rams were compared by t-test using GraphPad Prism (GraphPad Software; San Diego, CA, USA). A P-value below 0.05 was considered statistically significant.
Results
Total and differential leukocyte count
Baladi rams administered probiotic strains mixture exhibited significant (P = 0.009) decrease in TLC as well as significant (P = 0.02) increase in neutrophils percent compared to control group. Lymphocytes, monocytes and acidophils numerically declined after probiotic treatment but didn't reach a significant level (Table 1) .
Interleukins ratio and lymphocytes transformation assay
In comparison to control rams, tested probiotic strains mixture did not affect IL-10 and IL-12 serum concentration in the tested group. However, there was a significant (P = 0.03) increase in the IL-10/IL-12 ratio after probiotic strains mixture administration. The administration of probiotic mixture enhanced significantly (P = 0.0001) the transformation of lymphocytes compared to control group (Table 2) .
Comet assay
After probiotic strains mixture administration, the percent of DNA in the comet tail declined significantly (P = 0.02) from 2.75 to 2.57% (a 6.5% decrease) as shown in Figure 1 . 3.3 ± 0.4 2.9 ± 0.4 0.5 Acidophils, % 3.4 ± 0.6 1.8 ± 0.5 0.07 a,b different superscripts within the same row indicate significant differences at P < 0.05; * P < 0.05, ** P < 0.01 Table 2 . Effect of probiotic strains mixture administration on serum interleukin IL-10 and IL-12 concentrations (pg · ml -1 ), IL-10/IL-12 ratio and lymphocytes proliferation in Baladi rams (mean ± SE)
Indices
Group P control probiotic treatment IL-10, pg · ml .0001*** 1 lymphocyte transformation measured by using MTT colorimetric assay, optical density measured at 490 nm; a,b different superscripts within the same row indicating significant differences at P < 0.05; * P < 0.05, *** P < 0.001
Discussion
Immunomodulation through stimulation or suppression may help in maintaining a disease-free state. Immunomodulatory agents obtained from plant and of animal origin enhance immune responsiveness of an organism against a pathogen by activating the immune system. Probiotic consumption is reported to exert a myriad benefits such as enhanced immune response, balancing of colonic microbiota, vaccine adjuvant effects, reduction of faecal enzymes implicated in cancer initiation and treatment of travel-and antibiotic-related diarrhoea (Nicole and Dan, 2010) .
In the present study, the administration of probiotic strains mixture caused a significant (P = 0.009) decrease in total leukocytes count that might suggest the anti-inflammatory role of this probiotic strains mixture. However, neutrophils percentage was significantly (P = 0.02) increased, suggesting that probiotic supplementation could modulate non-specific immune response. Neutrophils are the first line of defense capable of responsing in a wide range, via chemotaxis, phagocytosis, exocytosis, intracellular and extracellular killing of microorganisms (Ishikawa and Miyazaki, 2005) . The obtained results are in agreement with those stated by Babar et al. (2012) who reported a significant increase in neutrophils in Wistar rats after probiotic treatment. In contrary, Kunavue and Lien (2012) found non-significant effect of probiotic treatment on the number of blood cells in pigs. In this study, there is observed nonsignificant change in lymphocytes, monocytes, acidophils and basophils percentages between control and probiotic treated rams. These results are coincided with the results of Ismail (2013) who reported significant increase in neutrophils with non-significant change in acidophils and basophils percentages in probiotic treated diabetic patients in comparison to control diabetic ones. Moreover, the obtained results are in partial agreement with those of Guillen (2009) who found increased level of granulocytes (including neutrophil) and monocytes in peripheral blood in cattle fed Bovamine. The variation in probiotic results concerning DLC may be attributed to the difference in probiotic strain, combination of probiotic strains, dose, duration and host factors (Kuitunen, 2013) .
The result of the present study demonstrates that there was no significant difference in the antiinflammatory IL-10 and pro-inflammatory IL-12 serum concentration between control and probiotic mixture treated rams. Moreover, the IL-10/IL-12 ratio was significantly (P= 0 . 0 3 ) improved after probiotic treatment. There were considerable differences between different probiotic species in their ability to induce IL-10 (Medina et al., 2007) . IL-12 was proven as a key cytokine in activation of T-helper 1 (Th1) immune response by stimulating T cells and NK cells to secrete interferon (IFN)-γ which is essential for successful defence against intracellular pathogen infections, whereas IL-10 results in a negative regulation of this process and induces antibody-mediated immune response (Lopez et al., 2010) . Moreover, IL-10 is a macrophage-derived cytokine that down-regulates IFN-γ production, thus opposing the action of IL-12 on T cells and NK cells (D'Andrea et al., 1993) . The IL-10/IL-12 ratio was frequently used in the assessment of immune status as a measure of the balance between antiinflammatory and pro-inflammatory state (Hamer et al., 2010) , or Th1 vs Th2 dominance (Bien et al., 2009 ). The increased IL-10/IL-12 ratio, which was observed in this study, confirmed the potential antiinflammatory effect of probiotic and its possible role in modulating inflammatory conditions. Also it is generally accepted that certain Lactobacillus strains are able to induce pro-inflammatory cytokines, such as IL-12, as well as anti-inflammatory cytokines, such as IL-10 (Hessle et al., 2000) . It is worth to note that T cell is not the only cell type which responds to probiotic stimulants producing cytokines. Antigen-presenting cells, including dendritic cells, monocytes and B cells, in peripheral blood mononuclear cell (PBMC) also contribute to significant proand anti-inflammatory cytokines induction by probiotics within a short time after stimulation (Dong et al., 2012) . Moreover, probiotic can enhance IgA secretion in dairy cattle (Guillen, 2009 In the present study, the probiotic strains mixture significantly (P= 0.0001) increased the lymphocyte transformation. The effect of probiotics on lymphocyte transformation is controversial, as Lee et al. (2011) demonstrated the effect of Lactobacilli treatment on splenic lymphocytes for 72 h, and assessed cell viability by using the MTT assay. The effects of the strains on lymphocyte viability varied; some Lactobacilli had no effect, while others promoted lymphocyte transformation. Although, it is generally accepted that probiotics mediate differential activation of T cell subpopulations via modifying dendritic cells phenotype and function (Hart et al., 2004) . The immuno-stimulatory effect of probiotic strains was assessed through metabolic activation of lymphocytes that may be influenced by cytokines that regulate apoptosis (Budd, 2002) .
As it was shown in the present study, probiotics significantly (P<0.05) declined the percentage of DNA in the comet tail indicating that probiotics may protect lymphocytes DNA from damage. These results coincide with the increase in ram lymphocyte transformation observed in the current work where comet assay has been often used in representing apoptosis of cells. Generally, in PMN cells probiotic can reduce the DNA damage caused by any endogenous or external source of stress. Such types of probiotics might be useful to protect animal cells in vivo from chemicals and heavy metal toxicity that cause DNA damage and genotoxicity. Numerous investigations indicated that probiotic bacteria can play an important role in natural processes of detoxification and elimination of heavy metals the body (Rao, 2009) . To the best of our knowledge, the present study is the first to present the effect of probiotic strains mixture on lymphocytes and interleukins production in rams. Further investigation should be addressed to this topic taking into consideration the sample size, number of experimental rams and effect of each individual probiotic within the tested mixture on immune performance by measuring more cytokines concentrations to allow comprehensive understanding of the mechanism.
Conclusions
The present study demonstrated that lymphocytes transformation, leukocytes and cytokines production was differentially influenced by probiotic strains mixture. Moreover, probiotics may exert antiinflammatory effects via modulating interleukins IL-10/IL-12 ratio. The biological importance of these strain-specific effects remains to be determined.
